Electrocardiographic abnormalities in hypertensive patients can be divided into two main categories (Smirk, 1957). The first consists of abnormalities that can be directly ascribed to left ventricular "overload" (Sokolow and Lyon, 1949). The second category consists of a miscellaneous group of conditions that are less directly related to left ventricular " overload" and are rather to be considered as complications of vascular disease, such as arrhythmias, conduction defects, and myocardial infarction.
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F. 0. SIMPSON recorded during sleep after sedation with sodium amylobarbitone were used as estimates of the blood pressure. Patients were excluded from the study if their average diastolic blood pressure at rest in bed fell below 100 mm. Hg. Patients who had significant valvular disease of the heart or thyroid dysfunction or had been taking digitalis were also excluded, as were patients whose electrocardiograms showed any arrhythmia (other than extrasystoles), bundle-branch block, or -definite evidence of myocardial infarction. In all, 203 patients (88 men, 115 women) were found suitable for inclusion in the series. 80 per cent of the patients were between 40 and 59 years of age. One only was below 20 years of age, and one was over 70 years of age. In the analysis of the electrocardiograms for evidence of left ventricular hypertrophy and strain, criteria modified from Sokolow and Lyon (1949) and Goldberger (1953) were used.
(1 a) Height of R wave in aVL 13 mm. or more.
(1 b) Height of R wave in V5+depth of S in VI greater than 35 mm. (See Fig. 1 .) (These changes are subsequently referred to as "high voltage"). However, when the diastolic blood pressure was assessed as the lowest level obtained during sleep after amylobarbitone sedation, the relationship of high voltage to diastolic blood pressure was significant at the 5 per cent level in the men (Table III) . In the women, on the other hand, the relationship of electrocardiographic abnormalities to lowest sleeping diastolic blood pressure was much less consistent. This was an unexpected finding, as a previous study (Simpson and Gilchrist, 1958) had shown that the lowest sleeping diastolic blood pressure was a good guide to prognosis and was also closely related to other clinical indications of severity, such as the retinal grade.
These findings indicate a closer relationship between the incidence of electrocardiographic changes and the average level of the resting diastolic blood pressure than has previously been demonstrated. However, it is clear that the severity of the electrocardiographic changes is influenced also by other factors, and it is reasonable to suppose that age, sex, body weight, coronary atheroma and other arterial disease might be of importance. The relationship of the electrocardiographic changes to these factors, and to the cardiac functional state, will now be considered.
Relationship of Electrocardiogram to Age. The age of the patient was found to have a considerable influence on the incidence and type of electrocardiographic changes. In patients with average resting diastolic blood pressure from 100 to 129 mm. Hg (above this level all three electrocardiographic abnormalities were very common), high voltage was present in 60 per cent of those under the age of 50 years, but in only 39 per cent of those aged 50 years or more (Table IV, two sexes were similar in this respect. It is thus evident that T wave changes become more common as age advances, but the QRS voltage appears not to increase and may possibly even decrease as age adyances. High voltage without T wave changes was much more common below than above the age of 50 years, while T wave changes without high voltage were much commoner above this age than below it.
A comparison between the two age groups showed some minor differences in other respects, and these are considered in some detail as they might affect the validity of these findings. Firstly, there were rather fewer patients in the older age group with average diastolic blood pressure between 120 mm. and 129 mm., but there is no apparent reason why this should affect the relative incidence of high voltage and T wave changes to any extent. Secondly, a history of angina of effort was more common in the patients aged 50 years or more, but there was no increase in incidence of T wave changes in such patients in this series (see below). Thirdly, the proportion of hearts with a vertical electrical position, was rather higher in the younger age group, but in the series as a whole the patients with vertical hearts (35 in all) did not differ significantly from the remainder in the incidence of high voltage or S-T and T wave changes. Finally, the older patients tended to have more dyspncea on effort, and in the series as a whole T wave changes were more common in patients with this symptom (see below). This would only affect the validity of the comparison of the electrocardiogram if the symptom had led to a difference in the selection of patients in the two age groups; it seems unlikely that any such difference occurred.
Relationship of Electrocardiogram to Clinical Coronary Artery Disease. Patients with definite electrocardiographic evidence of myocardial infarction had been excluded from the series, but 21 men and 15 women gave histories of angina of effort. The incidence of high voltage and T wave changes in these patients was 57 per cent and 76 per cent, respectively for the men, and 33 per cent and 60 per cent respectively for the women-figures not dissimilar to those for the whole series (Table II) , apart from the lower incidence of high voltage in the small group of women with coronary artery disease. The level of diastolic blood pressure in these patients with angina was very similar to that in the series as a whole.
It seems reasonable to suppose that if myocardial ischamia were the cause of the T wave changes of left ventricular strain, then the patients with angina would have shown a particularly high incidence of such changes: this did not occur. The total number of such patients, however, was comparatively small, and no conclusions can be drawn.
Relationship of Electrocardiogram to Retinal Changes. As in a previous study (Simpson and Gilchrist, 1958) there was again found to be quite a close relationship between average diastolic blood pressure and retinal grade (Wagener and Keith, 1939) , and between retinal grade and incidence of electrocardiographic abnormalities (Table V) . It seems probable that both the incidence of retinal changes and the incidence of electrocardiographic abnormalities are partly dependent on the level of the diastolic blood pressure. However, in patients with average resting diastolic blood pressure below 120 mm. Hg, the group with retinal grades III and IV differed from the group with retinal grades 0-I and II in having a considerably higher incidence of high voltage (X2=4-68, p<005) and T wave changes (x2=774, p<001): the patients with retinal grades III and IV tended to be considerably older, only 3 out of 25 being below the age of 50, as compared with 31 out of 72 below the age of 50 in retinal grades 0-I and II. This difference is significant at the 5 per cent level (X2=6S56, p<005).
It seems likely that older patients develop severe retinal changes at lower levels of diastolic blood pressure than do younger patients. It has already been shown in an earlier section that the incidence of T wave changes increases with age; it may therefore be that the high incidence of S-T and T wave abnormalities in patients with severe retinal changes and comparatively low diastolic blood pressure is partly due to their high average age. It is difficult to explain the increased incidence of high voltage on this basis however.
Relationship of Electrocardiogram to Body Weight. No consistent relationship between body weight and electrocardiographic changes could be found, and patients who were 10 per cent or more below average weight for their height, sex, and age did not show any significant increase in incidence of high voltage; such an increase might have been expected to occur in view of the finding of Selzer et al. (1958) that marked loss of weight is commonly present when a patient without left ventricular hypertrophy shows high voltage in the electrocardiogram.
Relationship of Electrocardiogram to Cardiac Functional State. No normal electrocardiograms were found in a group of 16 male and 13 female patients who gave a history of paroxysmal nocturnal dyspneea or who were in congestive heart failure. Eight of these men and 2 of the women were under 50 years of age. The incidence of high voltage and T wave changes was 69 per cent and 100 per cent respectively for the men, and 69 per cent and 69 per cent respectively for the women.
Twenty-five men and 23 women had no abnormal dyspncea on effort (Cardiac grade I, New York Heart Association, 1947), while 30 men and 63 women had dyspncea on moderate exertion but no anginal pain (Cardiac grade II). There was little difference in the incidence of high voltage in the two groups, but there was a considerable difference in the incidence of T wave changes in the men with dyspncea (87 per cent) compared with the men without dyspncea (44 per cent). The difference was much less in the women (62 per cent in the patients with dyspncea and 52 per cent in those without dyspncea). As mentioned above, the patients with dyspnoea tended to be older than those without dyspncea.
Differences between the Sexes. The differences between the two sexes were on the whole small, in spite of the fact that the men tended to have more severe vascular disease, as far as this could be assessed by their retinal condition. The men, however, did show a slightly higher incidence of T wave changes at all levels of resting diastolic blood pressure (Table IIA) . The men also showed a closer relationship between dyspncea on effort and the incidence of T wave changes.
The women showed a less consistent relationship between the incidence of electrocardiographic abnormalities and the lowest sleeping diastolic blood pressure (Table IIIB) . No reason could be found for this. The women showed a particularly close relationship between average resting diastolic blood pressure and the incidence of high voltage (Table IIA) .
DISCUSSION AND CONCLUSIONS
The analysis of this series of patients has shown that the incidence of each of the electrocardiographic changes ascribed to left ventricular " overload" rose with increase in diastolic blood pressure. When the blood pressure was very high, the electrocardiogram usually showed both high voltage and T wave changes. At lower levels of blood pressure, however, either of these abnormalities was often present alone.
The information that can be gained from the present series concerning the cause of electrocardiographic changes in hypertension is necessarily somewhat limited. It is generally agreed that high voltage is a sign of increase in thickness of the left ventricular wall (although the effect of this is known to be modified by the thickness of the chest wall), and the present findings are in conformity with this. There is less agreement about the cause of the T wave changes, however. These were ascribed by Barnes and Whitten (who apparently were the first to use the term "ventricular strain " in 1929) to a drop in pH of the fatigued muscle cell. More recently, a relative myocardial ischemia (Leishman, 1951) and a loss of potassium from the "strained" muscle fibres (Goldberger, 1953) have been invoked as causes of the T wave changes. Such explanations appear to be required only in the case of the so-called "primary T wave changes," that occur in the presence of normal QRS complexes (Goldberger, 1953) . T wave changes that occur in the presence of abnormally large and wide QRS complexes are considered to be "secondary" to the QRS changes. The ventricular gradient, which might have been of some assistance in differentiating between "primary" and " secondary" T wave changes, was not calculated in this investigation, but the fact that the peak of the R wave in the left chest leads was delayed more than 0 05 second in only 6 patients suggests that the T wave changes were largely of the "primary" variety. The independent variation of the 234 F 0. SIMPSON group.bmj.com on June 19, 2017 -Published by http://heart.bmj.com/ Downloaded from THE ELECTROCARDIOGRAM IN HYPERTENSION incidence of high QRS voltage and T wave changes in different age groups confirms that these two abnormalities are due to some extent to different causes. It seems likely that the "primary" T wave changes are due to a local metabolic disturbance, such as an increased loss of potassium from the muscle cells, and this hypothetical disturbance appeared to occur more readily in the older patients of the present series. It is tempting to ascribe this finding to an increased degree of coronary atheroma in the older age group. However, as mentioned earlier, no confirmation of such a theory was obtained in the group of patients with clinical coronary artery disease (angina of effort), because T wave changes were not more common in these patients than in the remainder of the series. It is of interest that Simonson and Keys (l052) found a tendency to lower voltage in both QRS complexes and T waves in normal middle-aged men as compared with young men, and they were able to exclude obesity as a possible cause of this.
SUMMARY
The electrocardiograms of a series of 203 hypertensive patients admitted to hospital were examined for evidence of left ventricular hypertrophy and strain, and the results were correlated with certain clinical details, namely diastolic blood pressure, sex, age, retinal grade, body weight, clinical coronary artery disease, and cardiac functional state.
The incidence of electrocardiographicchanges was found to be related to the level of the average resting diastolic blood pressure.
T wave abnormalities were rather more common in men than in women, and were much more common in patients over the age of 50 than in patients under 50 years. High voltage, however, was more common in the younger age group.
T wave changes were not more common in patients with angina of effort than in the remainder of the series.
Both high voltage and S-T and T wave changes in the electrocardiogram were more common in patients with severe retinopathy (retinal grades III and IV), even if the average diastolic blood. pressure was below 120 mm. Hg, than in patients with benign hypertension (retinal grades I and II), and a similar blood pressure, but this may be partly due to the fact that the patients in retinal grades III and IV tended to be older.
The significance of these findings is discussed.
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